Upregulated FoxM1 expression induced by hepatitis B virus X protein promotes tumor metastasis and indicates poor prognosis in hepatitis B virus-related hepatocellular carcinoma.
Forkhead box M1 (FoxM1) is a master regulator of tumor metastasis that plays an important role in the development of hepatocellular carcinoma (HCC). However, whether or not FoxM1 contributes to the progression of HBV-associated HCC (HBV-HCC) remains unknown. Therefore, we aimed at investigating the clinicopathologic significance of FoxM1 in HBV-HCC and the potential role of FoxM1 in hepatitis B virus X (HBx)-mediated invasiveness and metastasis. The expression of FoxM1 and its functional targets matrix metalloproteinase-7 (MMP-7), RhoC, and Rho-kinase 1 (ROCK1) in human HBV-HCC tissues was detected by immunohistochemistry. Luciferase reporter, chromatin immunoprecipitation, and electrophoretic mobility shift assays were used to measure the transcriptional regulation of FoxM1 promoter by HBx. The effect of FoxM1 on HBx-mediated invasiveness and metastasis was analyzed by transwell assays and an orthotopic metastatic model. FoxM1 overexpression correlated with multiple malignant characteristics and indicated poor prognosis of HBV-HCC patients. FoxM1 expression was an independent factor affecting the recurrence and survival of patients with HBV-HCC after surgical resection. FoxM1 promoted hepatoma cell invasion and metastasis by promoting MMP-7, RhoC, and ROCK1 expression, while FoxM1 overexpression was associated with elevated expressions of these proteins in HBV-HCC tissues. HBx upregulated FoxM1 expression through the ERK/CREB pathway, and FoxM1 inhibition significantly decreased HBx-enhanced hepatoma cell invasion in vitro and lung metastasis in vivo. We report a new molecular mechanism for HBV-associated hepatocarcinogenesis that involves the activation of FoxM1 expression by HBx through the ERK/CREB pathway, thereby leading to invasion and metastasis of hepatoma cells.